The contribution of the momentum dependent terms in radiative pion capture from bound atomic orbits is investigated. A shell model calculation for 6 Li shows that the momentUm dependent terms represent -2% of the is capture rate and up to 40% of 2p capture rates.
Radiative pion capture has been found [1] to provide an interesting new probe for obtaining nuclear structure information. However, before the detailed comparison between theory and experiment can be relied upon, an important point needs to be clarified. This concerns the role of the terms in the effective interaction [2] responsible for radiative pion capture which depend on the pion momentum. Estimates by Delorme and Ericson [3] based on a nuclear Fermi gas model indicated that such terms make only very small contribution to the capture rates from ls, 2p and 3d pionic Bohr orbits. Thus nearly all subsequent authors have neglected such terms. Skupsky [4] , however, has suggested that for 2p capture in 12 c the momentum dependent terms make a sizable contribut ion. Unfortunately from his published results it is not clear exactly how big such constributions are. Since it is now known [6] that pion absorption even in light nuclei occurs predominantly from the 2p atomic orbit, the settlemetJt of this question is of great importance for nuclear structure investigations.
I· i~urk suyported l!y Lhe U.S. Atomic Energy Commission. The effective Hamiltonian responsible for pion capture was taken to be · the nonrelativistic reduction of the pion photoproduction amplitude known as CGLN (Chew-Goldberger-Low-Nambu) interaction [2] which in the impulse approximation can be written as follows [3] :
is the wave function for a pion bound in an atomic orbit and are related to the various multipole amplitudes in photoproduction at threshold [2, 3] . Values of these constants have .been given by Delorme an<} Ericson [3] :, Skupsky [2] , Kawaguchi, et al. [7] , and others, with no two sets being alike. Since
these constants have not been ~iquely determined, we performed our calculations employing the coefficients of Delorme and Erics~n [3] (I) and of Kawaguchi, et al. [7] (II):
I. 
It is instructive to write these wave functions in the L-S coupling scheme.
One gets: It is interesting to note that the Kuo-Lee interaction (9] mixes the spatially symmetric and antisymmetri. c states appreciably.
Perhaps the above model space is rather restricted in the sense that it ignores core excitations. The latter might be important in determining precisely how the. capture strength is distributed among the different states.
But for the purposes of the present investigation, which is to study the effects of the momentum dependent terms on the pion capture rate, the p-:-shell model space should be adequate; e.g., for the f3-decay ( 6 He -+ 6 1i), the Ml transition 
Once the operators are written in the above form the matrix element between the nuclear states can be calculated applying the Racah techniques. The transition probability (capture rate) in units of h = c = 1 is given by
In the above summation care must be taken so that the polarization and propagation vector for the photon are perpendicular. So the formulas are first derived in a frame in which the Z-axis coincides with the direction of the photon momentum (then A. = ± 1). The results are generalized in an arbitrary frame by a mere rotation of the coordinate system. The photon energy is E = 135 MeV and its momentum in natural units is y k = .9677. Since this momentum is fairly high, the multipole expansion of the retardation term converges rather slowly. So all ~-multipoles were retained.
Also the long wavelength approximation is no longer applicable and the spherical Bessel functions must be used.
The importance of the momentum dependent terms comes partly from the nuclear structure and the geometry. In addition it depends crucially on the radial integrals involved. The radial integrals are of two types: 
where Z is the atomic number, a= 
. . g e t --· -%1
A 2 0,A RA (in agreement with the exact result of Table 1, II) . In some cases, however, inter-* ference becomes important. The small value of the term A C of Table 1 is the re-* sult of destructive interference, while the large value of the A B term is the result of constructive interference. We have not been able to understand the physical reasons for these interference results.
Since the pion wave-function is more or less uniform inside the nucleus, the following approximation is usually made [3] ,
With hydrogenic wave functions; this approximation is good to within 10%. The above approximation is the equivalent of the Konopinski-Uhlenbeck approximation used in 13-decay and allows one to take care of the distortions of the pion wave-function in an average way [3, 4 ] . This approximation is expected to hold for all n 0 , i.e., even for the Krell-Ericson [8] wave functions. It might be questionable, however> when off diagonal nuclear radial integrals are encountered.
-8-LBL-690
Our results are presented in Table 1 , colunms I and II corresponding to the two sets of coefficients I and II described above~ If one defines the fraction f as the ratio of the momentum dependent to the momentum independent terms, i.e. ,t f(n9..) one gets .666
Thus we see that the contribution of the momentum dependent terms for ls absorption is small (in agreement with reference [3] ) but important for 2p absorption.
This depends crucially on the choice of A, B, C, D coefficients (there is evE!ri a sign change in f(2p) between I and II).
In the radiative capture experiments performed to date, the capture rates from isolated pionic orbits are not measured. Rather, the measured quantity Ry (in% of TI-atoms formed) represents the summed contribution of photons from all capture orbits. Thus Ry for any final nuclear state or group of states is related to the computed transition rates by = I n9..
where A,y(n£) and Aa(n£) are the radiative and total absorption rates, respec~ tively, for the n£ orbit. The w(n£) are the probabilities that the pion is absorbed into the nucleus from orbit n£. The capture schedules for light tin our notation IAI 2 means the contribution to Eqs. (4a) and (4b) resulting ..
from the first term of the CGLN Hamiltonian, etc.
• _,<.
-9-LBL-690 nuclei [6] , which are deduced from the picnic X-ray intensity data, show that only Q.. = 0 and l orbits make appreciable contributions to the above sum. However, several values of n for each Q.. contribute. We make the assumption that A (nQ..)/ A (nQ..) is independent y a of n. This reduces Eq. 7 to A (ls) A (2p) Li.
In conclusion, we can say that the momentum dependent terms contribute significantly to the radiative pion capture rate from t:Q.e 2p orbit, the domin-, ant capture orbit for light nuclei. Also a precise determination of the values of' the A, B, C, D coefficients is in order if detailed agreement with experiment is to be sought.
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